INTRODUCTION
Osmotic dehydration is a method for partial removal of water from fruits and vegetables by immersing them in various hypertonic aqueous solutions. This method is an effective way to reduce the water content with minimal decreases in nutritive and sensorial values. The driving force for water removal is difference in osmotic pressure between the plant tissue and its surrounding solution (1) .
The complex cellular structure of plant tissue acts as a semi-permeable membrane. During osmotic dehydration, water from the plant tissue flows into the osmotic solution whereas osmotic solute diffuses from the solution to the tissue. Simultaneously, leaching of tissue's own solutes (sugars, organic acids, minerals, vitamins, etc.) into the osmotic solution occurs as well, but to a much lesser extent compared to the first two transfers (2) .
The choice of optimal hypertonic solution appears to be the key problem in osmotic dehydration. So far, pure saccharose or its combinations with other sugars and sodium chloride has been proposed as the best solute for hypertonic solutions. Besides saccharose, sugar beet molasses emerges as a promising ingredient for the preparation of hypertonic solutions. Molasses has high content of solids (around 80%) and contains in average 51% saccharose, 1% rafinose, 0.25% glucose and fructose, 5% proteins, 6% betaine, 1.5% nucleosides, purine and pyrimidine bases, organic acids and bases (3) . In Serbia, sugar beet molasses has not yet been used as an ingredient in food industry. Hence extensive research activities have been going on with the aim of introducing molasses as a valuable ingredient in bakery, confectionery and meat processing industry (4, 5, 6) . Sugar beet molasses is a cheap material available in large quantities and could be used as a replacement for saccharose.
Edible coatings are used as barriers to protect the plant tissue from adverse microbiological, chemical and physical changes (7) . The coatings should be biodegradable, capable of modifying the product's surrounding i.e. to act as a promoter of water removal (8) .
The edible coatings are usually made of various polysaccharides, proteins or lipids. For their successful application in osmotic dehydration process, the properties of coating materials should fit several requirements: good mechanical properties, satisfactory sensory properties, easy and rapid film formation, high water diffusivity, and prevention of excessive solute uptake by the tissue (9) . The edible films can be made from aqueous solutions of several substances which, most often, include pectins, gelatine, agar-agar, tragant gum, maltodextrins, starch, alginic acid, etc.
The objective of this study was to investigate the effect of maize starch as an edible coating on the parameters of osmotic dehydration of carrot.
EXPERIMENTAL

Material
Carrots were purchased on a local market in Novi Sad, Serbia and stored at 4°C. Prior to the treatment, the carrots were thoroughly washed and cut into cylindrical shapes, 20 mm in height and diameter, with sharp apple corer.
Hypertonic agents were 70% saccharose aqueous solution and pure sugar beet molasses (79.3% solid content). Refined sugar and sugar beet molasses were obtained from sugar factory in Bač, Serbia.
Commercially available maize starch (produced by Dr. Oetker Kft, Hungary) was used as a coating material. A 3% starch suspension was used for the preparation of monoand double-layered edible coatings.
Methods
For the formation of a single coating, the samples of carrots were dipped for 30 s in 3% starch suspension prior to osmotic dehydration.
For the formation of double coating, the carrot samples were firstly dipped in 3% starch suspension for 30 s, and then taken out and left to stand for 15 min at room tem- 
Osmotic dehydration
Osmotic dehydration was carried out at 55°C under atmospheric pressure. The coated carrot pieces were placed in 600 ml beakers and kept submerged in 70% saccharose solution or sugar beet molasses.
The material to solution ratio was 1:4 (w/w). The beakers were kept in a thermostat at 55°C for 5 hours. Finally, the carrot pieces were removed from osmotic solutions, washed with water and gently blotted to remove the excessive water. The samples were weighed and analyzed.
Moisture content of the samples was determined by the oven drying method according to AOAC (10) . The samples were kept in an oven (Instrumentaria Sutjeska, Serbia) at 105°C for 24 h until a constant weight was attained. The solid content of osmotic solutions was determined refractometrically (11) .
Calculation of osmotic parameters
The osmotic process is adequately represented with the following parameters: water loss (WL), solid gain (SG) and ratio (WL/SG) of the material immersed in the osmotic solution. There are different ways to define these quantities but the most widely used definitions are: the water loss as net water lost from fresh sample calculated on initial sample mass, the solid gain as net increase in solids calculated on initial sample mass (12): where: M 0 -initial moisture content of fresh sample before the osmotic treatment (g); M i -moisture content in sample after osmotic dehydration (g); S 0 -initial solid content in fresh sample (g); S i -solid content in sample after osmotic dehydration (g) and W 0 -initial mass of fresh sample (g). The content of solids in the carrot samples increased to a great extent after 5-hour osmotic dehydration because of water removal from the samples to osmotic agent. From data displayed in Fig. 1 it is evident that in the double-coated sample S3 the content of solids increased four times. In molasses as osmotic agent, the highest solid content was observed for the doublecoated sample, where the solid content increased 4.5 times.
Because of water flow from the carrot samples, saccharose content in the osmotic solutions decreased in all treatments (Fig. 3 and Fig.4) . UDC Figure 3 . Saccharose content in the saccharose solution before and after the treatment
The lowest saccharose content was observed in molasses used as an osmotic agent for the treatment of mono-coated carrot (sample M2) (Fig. 4) . Table 2 . Process parameters WL, SG and WL/SG determined during the treatment in different solutions
The observed kinetic parameters (WL and SG) showed an increasing i.e. decreasing trend, respectively (Tab. 2). Increase in the WL parameter and decrease in the SG parameter proved that the application of maize coating during osmotic dehydration promoted water loss and prevented excessive saccharose uptake by the sample tissue. The WL/SG ratio clearly shows that double-coating increased the efficiency of osmotic dehydration in both investigated solutions. However, as has been widely recognized, the moisture content of a product after osmotic dehydration cannot be considered shelf-stable (13) . Consequently, an osmotically treated product has to be further processed by drying, freezing or canning.
SACCHAROSE SOLUTION SUGAR BEET MOLASSES
On the basis of laboratory investigations, quantitative technological schemes of the carrot osmotic dehydration process in saccharose solution and molasses were made and were recalculated to 100 kg of raw material. Quantitative schemes display the complete process of osmotic dehydration of carrot in saccharose i.e. molasses solutions with proximate data on process mass balance. After the treatment, it could be expected to get around 50 kg of end-product. During the process, it is necessary to add certain amount of fresh osmotic solution because considerable amounts of water are lost during the separation. After the dehydration, the osmotic solution is evaporated to the initial solid content to allow its repeated use. The recirculation of osmotic medium is important from both economic and environmental point of view. Figure 6 . Quantitative scheme of osmotic dehydration of double coated carrot in molasses
CONCLUSION
The results proved that starch coating enhances the efficiency of osmotic dehydration of carrot in both saccharose solution and molasses. The solid content in carrot increased by more than 30% in the coated samples. The highest increase in the solid content (35.97%) was determined in the double-coated samples dehydrated in molasses. The paper also presents the schemes on carrot dehydration in sugar solution or molasses with recycling of osmotic agents after evaporation to the initial solid content. Osmotic dehydration combined with double-coating treatment increased efficiently the solid content in the samples.
